A mobile and web-based student learning system  by Madeira, Rui Neves et al.
Procedia Social and Behavioral Sciences 1 (2009) 2441–2448
Available online at www.sciencedirect.com
Rui Neves Madeira. 
E-mail address; rmadeira@est.ips.pt 
World Conference on Educational Sciences 2009 
A mobile and web-based student learning system 
Rui Neves Madeiraa*, J. Luis Sousaa, V. Fernão Piresa, Luís Estevesa and O. P. Diasb 
aEscola Superior de Tecnologia de Setúbal/IPS, Setúbal, Portugal 
bEscola Superior de Tecnologia de Setúbal/IPS, CESET, INESC-ID Lisboa, Portugal 
Received October 25, 2008; revised December 19, 2008; accepted January 4, 2009 
Abstract 
The energy sector plays a vital role in achieving social and economic development through satisfying the energy needs of the different economic 
sectors. However, vast majority of power stations burn fossil fuels in order to produce energy. In this way, saving energy and using it efficiently is 
important. So, in this paper, it will be described a mobile and web-based student learning system for rational use of energy. This system was 
specially developed to teach undergraduate students at School of Technology of Setúbal / Polytechnic Institute of Setúbal. This system will provide 
to the students a tutorial, a set of exercises with several oriented questions, interactive animations, assessment tools, a chat room and a game for 
evaluation purposes. To provide a better mobility, this system has a module to be used with a mobile device. 
© 2009 Elsevier Ltd. 
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1. Introduction 
Industrialized countries use vast quantities of energy. This energy use is creating both local environmental damage and 
contributing to changes in global climate. Developing countries are rapidly expanding their energy use. In this way, the need to make 
changes in the way energy is used and supplied throughout the world represents the greatest challenge to engineers in moving toward 
sustainability. Energy efficiency has proved to be a powerful and cost-effective tool for achieving a sustainable energy future [1, 2].  
So, teaching rational use of energy in the electrical engineering courses is now very important [3]. 
The classical teaching main element is the lecture in which the teacher explains, gives examples, shows calculations, etc. The 
accent was put on the oral communication, which was supported by on-line hand written messages using the blackboard and chalk. 
However, computers and information technology have increased educational opportunities and opened the doors to new instructional 
methods. Nowadays, educator and student have adopted technology as a normal part of their curriculum. The first tools were the 
overhead projector and Microsoft PowerPoint lectures. Then, with the technological advances, it was possible to use interactive 
learning contents. The use of multimedia, rich-graphics, animations, simulations, and virtual environments offers to students a way to 
visualize and actively engage with the content. Otherwise, the content was presented to them, in the past, only in a static and passive 
manner, via textbook and lectures. 
With the computer and telecommunications development new possibilities appear to teach at a long distance. The introduction of 
web based student learning systems has been adopted by many schools to overcome many of the limitations of the typical teacher 
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centric educational model. It also allows providing learning environments that improve contact and increase student interaction. 
Many e-learning platforms have been developed. Many examples of remote laboratories for different subjects have been developed, 
such as, for electrical [4, 5], electronics [6], power electronics [7, 8], electric machines [9, 10] and power systems [11, 12]. 
This paper reports on a mobile and web-based student learning tool for rational use of energy. This tool will provide to the 
students a tutorial, a set of exercises with several oriented questions, interactive animations, assessment tools, a chat room and a 
game for evaluation purposes. For the students the first tool works as a simple web application. They can access all the course 
materials within a browser. The questions provide to the students an active way, estimation about the learning processes and the 
definition of the ways to correct and improve it. They also have a mobile learning module to run on a mobile device, such as a PDA 
(Personal Digital Assistant) or a smart phone. This additional tool can be used in the classroom where devices are made available to 
the students. With the mobile tool it will be also possible to learn outside the classroom, providing an additional interface to be used 
in the environment where experiences really happen.
2. Design Principles 
When designing a multimedia system like this one, we first establish guidelines for the design. The following key requirements 
must be regarded in the conception of the proposed system [13]: 
a) To insure flexibility with regard to time and location, the courses need to be available in a permanent manner, anywhere, 
anytime. 
b) To present the materials using a language that is simple, clear, direct, adequate and attractive to the target for which the 
courses are intended. 
c) To put an emphasis on demonstrating and assisting each theoretical concept with an illustration and, if possible, with a 
practical application. 
d) To use images and multimedia animations in abundance and in a regular manner to demonstrate how the theoretical 
concepts can be used. 
e) To complete the explanation of each concept with a reference to its historic development. 
f) To create auto-evaluation methods, in the form of evaluative exercises and tests which allow the student to evaluate his own 
progress.  
g) To examine the use of components such as games, challenges, and entertaining activities, so as to stimulate and motivate 
the student throughout the use of a solution. 
h) To allow, in case of failure, the repetition of the studying process as well as the practise, and yet to make sure the students 
are not forced to repeat the exact same content which tends to be saturating, not motivating and therefore, leads to drop 
outs.  
i) To use the information obtained through this analysis to define measures that allow guaranteeing the existence of an 
adequate component of support from the teachers. The global success of the solution depends not so much on the value of 
the technological solution, but rather on the existence of a human structure that insures adequate teaching support. 
j) To devise mechanisms that allow the teachers to become familiar with the students who are studying according to this 
method, when and what they study, where they met their biggest difficulties, time spent studying and the results of the 
evaluations. 
k) The system must maintain and collect information about the students such as demographic information, year of first 
enrolment, number of accesses to the platform, and content and quiz results, among other information that is considered 
useful. All this information is kept in the database for further analysis by a data-mining algorithm. 
3. Proposed System 
The architecture of the system is the typical client/server solution with the two-tier separation (Fig. 1). 
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Fig. 1. Client/Server architecture of the system.
The clients are the following: 
• The web tool module, available through a web browser; 
• An off-line module that is an e-book, or interactive DVD (iDVD), being easily carried by students; 
• The mobile device, with a competitive application and a reduced mobile version of the iDVD.  
An Internet connection is needed by the users to have access to the on-line module. Some demonstrations on laboratory 
classrooms will also make use of this module, so the connection can be made through the LAN/WAN of the institution. 
The e-book is an interactive DVD-Rom that works almost in every computer without needing any kind of installation. This e-book 
contains the games section found on the web tool, but also additional rich multimedia content that complement the contents sections 
of the on-line module. It’s an excellent vehicle to transport heavyweight and additional contents to any ambient/computer without 
connection to the Internet. 
A particular case of the e-book is a limited version which runs on Personal Digital Assistant (PDA) devices. Due to the continuous 
growth of PDA’s performance/capabilities and sales, these devices are considered an excellent match for some of the project 
requirements. Making this kind of learning technology available to every student, and this way, to parents that carry almost every day 
their PDAs, creates a new whole set of solutions, bringing improved portability to the project. 
The contents of the e-book module can be easily updated through LAN/WAN or Internet, and the application on PDA will use a 
GPRS connection to make the necessary updates. These applications will question the server about updated or new contents, and if 
there’s something the server will make it available.  
Having a mobile version of the e-book with some contents will be enough to elucidate, to motivate, and to remember, especially 
parents, about the important issue that is Rational Use of Energy. 
On the other side, the system also offers a mobile application that implements the questions section of the web module. With this 
application, the students can answer to quizzes and propose new questions to be answered by the colleagues. It also adds a 
competitive learning section which permits the realization of a championship kind of “Champions League” that will appeal to the 
participation of the students. With this competition, students will compete with each other for a better evaluation. The answers are 
recorded on the mobile device application and on the server. Being a mobile application, it can be used outside the classroom, being 
highly directed to the realization of competitions outside laboratories, on open spaces, where real experiences can also be conducted 
along with the competition, therefore, providing a better competitive learning process.    
The architecture of the server “black box” can be seen in Fig. 2, and illustrates how different technologies are used to integrate all 
the modules. We kept a data mining module and a teacher’s contents manager (TCM) module inside the server box, because in a 
logical way they are part of the core of the system, next to the web server and to the repository. These modules are the basis of our 
work, but others can be easily integrated in the future, adding new functionalities to the system. 
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Fig. 2. Server side architecture.
Adobe Director and components of Adobe Flash are the software tools behind the development of the rich interactive interfaces of 
the learning modules. For the server side applications, other software tools approaches were used.  The TCM module is a tool, also to 
be made in Director, which permits that teachers upload contents to the system. The system is composed of two types of databases, 
one typical relational SQL repository mainly used to gather user’s data, and another one that is a native XML database for the 
exercises, quizzes and competitions. 
The Data Mining module is responsible for analysing the information gathered from the system, consisting of user information, 
interaction and lesson results. This is done with Data-Mining, which is a part of a larger area of artificial intelligence and information 
management – Knowledge Discovery in Databases (KDD). The purpose of KDD is to extract new information from databases, where 
the size and complexity of the last makes it impossible for human observation alone. Data-Mining refers to the exploratory phase of 
knowledge discover. 
Data-Mining can be achieved using several algorithms, being one of them the Self-Organizing Maps (SOM) [14]. The SOM is one 
of the more popular neural network models because it can perform a topology-preserving projection of n-dimensional data in a 
regular two-dimensional grid. The SOM can be used for clustering, allowing us to observe different groups (clusters) of students. 
There are several visual methods that can be applied to the SOM’s results, being one of them the Component Planes visualization. 
This allows us to visualize each feature (student characteristic) in a colour scheme mode, where a darker colour means a higher 
number of students, and compare features reasoning about how one affects other. This can be extremely useful to determine which 
groups of students achieve worst results, and possible reasons why, and a lot of hidden relationships between features. 
4. Technological Specifications 
Regarding the conception of the website, it was very important to have lightweight and generic pages with the separation of design 
and structure contents being a main requirement. It was decided to use a method of web design and development without using 
HTML tables for page layout control purposes. This method derives from the “Tableless” concept. The term “Tableless” design 
implies the use of CSS (Cascading Style Sheets) to position HTML elements on the page but it should be noted that tables and CSS 
are not mutually exclusive. Tableless Web design also improves Web accessibility with respect to two objectives we have in mind: to 
avoid disability discrimination and to reach the increasing use of PDAs and mobile phones. To accomplish them it is necessary for 
Web content to be made accessible to users operating a wide variety of devices. As a result of the separation of design (CSS) and 
structure (HTML) it is also possible to provide different layouts for different devices.  
In this system, the implementation of tableless design produced web pages with fewer HTML tags thus reducing page download 
times. These times were even more reduced by the use of iFrames in conjunction with JavaScript. 
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An important decision was concerned to the technology to use in the development of the rich multimedia and highly interactive 
interfaces for the games section. Since it was a primary idea to build the games not only to put in a DVD-Rom, but also as a section 
of the web tool, it was clear that the most indicated tool was Adobe Director [15].  
The decision of using Director was taken because of its higher capability for working with multimedia objects, and, also, because 
it has a programming language, Lingo, that allows the usage of object-oriented programming mechanisms for the creation of even 
more complex media contents and interactions. The resulting output will be shockwave movies which are embedded into the web 
pages, for the web module, and executable applications, for the e-book module (DVD and PDA versions). 
Another Adobe tool, Flash, was the right complement for the development of some complex vectorial animations to be included 
along the games and in the concepts section of the web tool. 
An important issue is related with the option to have a director application running on PDAs. So, it is necessary to include/use a 
special Xtra, called “Export to Pocket PC“, within Adobe Director. This component allows director applications to run on a PDA 
kind device. An alternative for the creation of the mobile contents was the Adobe Flash Lite platform [16], but until now Director 
was enough and already integrated in the project plan. 
The mobile version of the eBook/iDVD was created with Adobe Director, but the mobile application that implements the 
competitive learning module is developed in Java (J2ME) for devices that support the MID profile [17]. Nowadays, almost all the 
personal mobile devices implement Java technology. This client application is generic, in the sense that it is independent of the 
server-side applications.  
With this application, the student (or another user) will be able to receive XML documents with the questions to be answered. 
That can be accomplished in a competitive way, being on-line when doing that, or in a calm way, storing the questions and answers 
in the client repository, a Record Management System (RMS), to be uploaded to the core later on. This process also uses XML 
documents that will be stored in the XML database, firstly, with some data being passed to the relational database, secondly.  
The module to manage the received information uses the kXML library in its implementation to make the parsing of the XML 
documents [18]. kXML provides an XML pull parser and writer suitable for all Java platforms, including J2ME. Because of its small 
footprint size, it is especially suited for Java applications running on mobile devices. 
Another important decision to be taken was relatively to the main game, the “Trivial Pursuit” type of game, which is a typical quiz 
game. The choice for a uniform, simple and complete implementation of the desired structure leaded us to use, once again, XML 
language. This way, it was found a basic structure for the game, easing the incorporation of new questions, according to the themes, 
without any kind of need for the creation of new interfaces. This also facilitates the update process of the game without having to 
change the Lingo code. The key to building a successful quiz engine is in its reusability, that is, the ability to retrieve new questions 
and/or answers from outside the Director movie.  
There were different ways to use the XML documents in our project, so we preferred to store all the questions/answers documents 
in a native XML database and let the Director movie retrieve the questions from there. In the process of questioning the database, an 
external XML file is obtained allowing that other applications could read the same contents.  
We used Director XML Parser Xtra to read the XML data and, at any point in the movie, we can bring up its content, reload it 
from the file, or load a new file. What the XML parser Xtra do is to convert the content of the file into a property list and then we just 
need to work that list to suit our code and remove unnecessary attributes. By using this Xtra over the internet we have to be careful 
because we can only proceed forward when the XML file is completely parsed.  
As stated before, we are using a native XML database that is a data persistence software system that allows data to be imported, 
accessed and exported in the XML format. Right now, we are working with eXist [19], an Open Source native XML database that is 
free, fast and robust enough for our initial needs.
Another database is required to store all the necessary data to make some analysis and studies about who are using the system. It is 
also used to store all the contents for the automatic generation of new multimedia contents, and games specifications needed for 
further updates. 
For the Database Management System, the choice fell into MySQL [20], attending to the fact that it is free, and openSource, but 
very complete, and less demanding than, for exemple, Oracle DBMS. 
Another important issue is the actualization process of the e-book. When the user starts the DVD-Rom, it searches for new files at 
the web server to replace the corresponding ones in the user’s PC. The technology used to implement this functionality is PHP [21], 
which runs at the server side. 
5. Description of the Web-based Tool 
The access to the web-based software, first the user must register to obtain a username, a password. To use the system he must 
login using the username and password. This allows the system to log all the student activity and produce a statistical report to the 
teacher in order to know how much time students spend with this tool. 
The second page is the main page. In this page there are the five options: lessons, animations, questions, chat and links. On the 
first option, the students have access to the power electronics lessons. These lessons contain several interactive applets in order to 
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provide the best basis for teaching. The subjects of the course are energy sources, energy and the environment, electric energy and 
energy efficiency. 
In the section energy sources, students can find information about which renewable energy sources are and which are not, their 
origin, and common uses (Fig. 3). In the energy and the environment section the impact upon the environment caused by the use of 
each form of energy is addressed. About electric energy, students can find how it is produced, by which sources and in what type of 
installations, how it is distributed to the consumer. In this section, there are also statistical data related to the consumption of 
electricity. Proceedings for a more rational use of energy are presented in the energy efficiency section, along with information about 
energy efficient equipments. 
Fig. 3. Screenshot of energy sources.
The chat option is another important tool for the student learning process. This allows discussing about a certain theme from a 
long distance.  
Another resource of this tool is the student evaluation. Normally, students do not like the classical evaluation method based on a 
paper with several questions. All students must be on a classroom and each one must write on a paper his answers. To overcome this 
classical approach this tool provides a different way to make the students evaluation. This evaluation is based on a game. In this way, 
it is possible to create a better environment and reduce the evaluation stress. Another advantage is that it allows creating a 
competition between students. The students will not simple respond to the teacher questions. They also must create their own 
questions to the other colleagues, and their motivation will be increased. For this tool it was adopted and developed the “Trivial 
Pursuit” game (Fig. 5). The use of a PDA with this game is another resource.  
An option with several oriented questions is also provided. This option gives to the students the possibility to estimate about their 
learning processes. In this way the first questions are about all the subjects of the course. However, if the students are stronger in 
some subjects, then the new questions will focuses on the subjects that the students have less capabilities. This allows to the students 
to verify which part of the course they must focus their study. 
This tool also offers to the teacher some statistical data to analyze the students. Therefore, among others, the following statistical 
data can be accessed by the teacher: 
o Days and time that the students use the tool. 
o Which options they use. 
o Which questions they answer correctly. 
So, using this statistical data the teacher can analyze some problems, that eventually the students have, or correct the teaching 
process. 
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Fig. 4. Screenshot of the “Trivial Pursuit” game section for student evaluation purposes.
6. Conclusions 
With this paper, a new student learning tool for rational use of energy was presented. This tool is based on the web and on 
mobility, being essentially designed for the self learning of the student. Therefore, it provides to the students a tutorial, a set of 
exercises with several oriented questions, interactive animations, assessment tools, a chat room and a game for evaluation purposes. 
For the students, the first module works as a simple web application. They can access all the course materials within a browser, or 
even using a PDA. The questions provided to the students appear in a rich interactive way, it has estimation about the learning 
processes and the definition of the ways to correct and improve. With the PDA, they can also use a mobile application that adds a 
competitive learning module to the system. This system also pretends to log all the student activities in a database and together with a 
data mining module will retrieve information about the way each student use the system, when he was logged, for how long, what 
options did he chose and in what order, among other issues. 
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